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A. LAUNCH AND ORBIT

A.l General

The tentative launch vehicle selected as optimum for the
experiment payload was a Scout b. A number of preliminary cal-
culations have been made based on the use of this vehicle for the
orbit of choice. The assessment of other vehicles is continuing,
however, because the ability of the Scout D or Scout E to provide
the necessary performance now appears, at best, marginal. There
is a considerable likelihood that the uprated Scout mentioned
in the following paragraphs will be able to provide required
performance and will be available well within the time frame of

the orbited Man-Made Noise Experiment.

Another possible approach tc the problem of launch may be to
use two satellites, with two launch vehicles of the Scout class
in circular orbits. This approach, now under consideration, would
simplify a number of factors, including data reduction and analysis.
Its feasibility will be determined by the relative cost of two
equipped spacecraft and launches and that of a single "outfit".
It is hoped that this trade-off can be developed further through

acquisition of launch vehicle and launch cost data.

A.? Launch Vehicles

In order to assure interface compatibility between spacecraft
and launch wehicle, an investigative study is underway to define
payload capabilities of the following expendable launch vehicles:

{l) Scout D

HATIONAL BCIENTIFIC LABONATORIES, WASHINGTON, D. C.
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(2) Scout E

(3) Scout E with additional velocity package
(4) Uprated Scout (Higher energy propellant)

(5) Delta 2310

A literature search as well as direct contact with Mr. J. E.
McGolrick at NASA HQ. and Mr. Norm Fisher at Batelle Memorial

Institute have produced the following results:

(1) Scout D

Scout D consists of 4 solid propellant non-restartable stages
with launch facilities at Wallops Island, ETR (Eastern Test
Range) and WTR (Western Test Range). Non-restartable staging
requires complexity in burn and coast times in the two impulse
maneuvers to achieve apogee, perigee and inclination. Preliminary
calculations indicate that for a launch within range safety
limitations, at Wallops Island, directly into desired apogee and
perigee and with the fourth stage supplying the desired orbit
inclination change, the payload capability is approximately 111 kgq.
If staging is such that azimuth safety limitations can be waived,
and orbit inclination ig achieved without the necessity of a

plane change the payload capability would be approximately 140 kq.

(2) and (3) sScout E and Scout E with Velocity Package

Although investigation of this five stage Scout is still
underway it does not appear that this uprated Scout version will
buy much in performance. A fifth stage and velocity package are

cost effective if the payload weight is small (¢ 50-100 kq).

MNATIOMAL BACIENMTIFIC LABNORATORIES, WABMIMGTOM, B. C.

Paal



- NSL

e — NATIOMAL SCIENTIFIC LANORATORIES, WARHINGTGM, B. L.

{The man-made noise experiment payload is anticipated at about

150-200 kg) .

{4) Uprated Scout

A significantly uprated version of the Scout launch vehicle
is being developed which will fill in the enormous cost-performance
gap between the Scout E and the Delta. Higher energy propellant
is used to increase performance. Another possibility is to
mate burned II upper stages with TAT (nC) boosters for an
intermediate thrust between Scout and Delta. Investigation of

these uprated versions 1s continuing.
{5) Delta

Payload capability and cost of the Delta launch vehicle are
both unnecessarily high for the anticipated payload requirements
df the man-made noise experiment. It may be possible, however
'unlikaly, that the package may ride "piggyback“ with another
pavload if a means by which the two may assume different orbits

is employed.

A.3 Preliminary Launch Considerations

The vecocity requirements of non-restartable launch vehicles
for achieving the desired orbit under consideration vary depending
primarily upon launch azimuth. Launch sites have established range
safety limitations such that stages after fuseout will fall into
the ocean rather than on land. Investigation of these 1aunchr

azimuth limitations indicate that at none of the available launch

FAGE



NSL

sites can a 63.4° orbital inclination be achieved through an
appropriate launch azimuth. Under certain staging conditions
these launch azimuth limitations may be waived. The velocity
requirement stated in Figqure 2-~1 assumes that such a waived launch
azimuth limitation is obtained for a Scout E launch from Wallops
TIsland directly into a 63.4° orbital inclination with an initial

185 km packing orbit.

For a 63.5°% inclination launch from Wallops Island the
associated velocity penalty (due to rotation oflearth) AVy =
.2 km/sec. The total characteristic velocity requirement
therefore Vq = V; + 4Vy + AV, + A where Vo = 7.8 km/sec. + .3
km/sec + .15 km/sec + .2 km/sec; Vp = 8.447 km/sec. The
corresponding payload capability for this characteristic

velocity delivered by a Scout E is about 150 kg.

The assumption of an azimuth launch within range safety limi-
tations and directiy into desired altitude eccentricity (requiring
an orbital plane change) results in a considerably lower payload

capability, =120 kg maximum.

A.4 Orbital Lifetime Evaluation

Earth oblateness and atmospheric drag are the two primary
factors contributing to the orbital lifetime of near earth
satellites although anticipated orbital altitudes of this experi-
ment appear to be above that which is considered "near earth", it
is felt necessary to perform a projected time at which the
elliptic orbit is reduced from 1333 km X 660 km to 1000 km x
666 km.

NATIONAL SCIENTIFIC LARDRATORIES, WABHIMGTON, b, €.
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A.5 Spacecraft Lifetime Considerations

Two basic means of obtaining a first approximation of the
useful lifetime of a spacecraft are available to the spacecraft

design engineer:
1} Analytical closed form solution and
2) Numerical integration of orbital decay rates

Post experience has shown that the closed from analytical

solutions have one or both of the following inherent limitations:

1} An insufficient number of terms is carried in

the series expansions.

2) The total lifetime is based completely on the
initial atmospheric conditions (i.e. density
at initial perigee altitudes, initial logarithmic

density lapse rate, etc.)

Based upon the fact that numerical integration of orbital
decay rate has shown greater accuracy, this approach is used

here to obtain an estimated orbital lifetime.

Using a combination of Perkin method and Bessel expansion,
orbital decay rates may be determined through a numerical
analysis. These apogee-perigee decay rates are fed into a

computer in tabular form. For small altitude increments the



following expression although applicable to circular orbits

is similar to that for orbits of small eccentricity.

" (.

where

Ahj = jth altitude decrement

(%%) = decay rates at their altitude
3

Total lifetime if found by the summation of all time
increments up to impact

impact

The resulting lifetime curves are plotted on logarithmic
scale versus initial eccentricity in Figure I-1 based on an

ARDC 1959 atmospheric density model and a ballistic coefficient

B = °p® = 1.0FT2/SLUG
2m
where: CD = drag coefficient of the satellite
= 2.75
A = projected surface area (FTZ) = 13 FT?
M = satellite mass (SLUGS) = 10.27



In this case:

h_ = 400 statute miles
e = 0,045

B = 1.75

Referring to the figure based on this information yields an
approximate lifetime

Ly = 40,000 days normalized to B=l.0FT2/SLUG

Therefore the total lifetime estimate is given by

_ 40,000 _
L_t = ‘__i_:—ﬁ— = 22,854 days
or L. = 62 years

While orbital lifetime predictions have in the past proved
to be relatively inaccurate it can be believed with confidence
that because this orbit is not "near earth" the lifetime
expectancy can be considered to be at least an order of magnitude

above the required lifetime of the experiment.
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B. EXPERIMENT MANAGEMENT

The man-made noise experimeﬁt will constitute a project of
significant time, money and output. It will serve and interface.
a number of "customers" throughout the Federal establishment,
other levels of government, and in the private sector (e.g.,
COMSAT). It is reascnable to assume, therefore, that the
project will bermanaged, from some point during its definitive
stages, by a dedicated organization structured to Ehe specific
needs of the project. To provide an initial baseline for

consideration, such an organization is postulated here.

The initial study leading ﬁo pfoject definition and budgeting
will likely be completed by existing organizations; the projéct
committed organizétion will not comerinto being prior to the
initial funding of the satellite eXperimentF (It is likely
that airéraft flown "versions" of thié experiment willlhaVe.been
undertaken prior to the orbiting “"version" if only to demonstraté

its feasibility).

Major tasks reqguired in connection with the experiment,

which will require dedicated management, will include:

Experiment hardware specification, design and fabrication:
Receiver;
tow frequency broad-beam antenna;
High frequeﬁcy broad-beam antenna;
High’gain antenna;

Magnetic tape recorder;

Antenna controller;

NATIONAL BCIENTIFIC LABRGRATOMIES, WA-'-”N-GTBI]. o. .
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Launch vehicle selection and preparation; System integra-
tion:

Spatial:;
Mecahnical;
Thermal;
Electrical;
Electromagnetic;
Signal;

Test;

Scheduling:
Design and integration;
Launch;
Test;
Ground station support;

Data processing;

Data reduction and analysis:

Report preparation.

The p=2rsonnel requirements for these tasks will cover a wide
range. The performance periods will vary extensively; some will
-consist entirely of pre-launch activities, and others will
perform after the launch only. A logical and efficient organiza-
tional structure for management of these tasks and functions
might be as indicated in Figure B-l. The structure of this
organization would alter with the course of the project, but’

the principal investigator and other key personnel would maintain

|

NATIGMAL SCIENTIFIC LABORATONIZS, WASHINGTON, D, C.
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PRINSIFAL
INVESTIGATOR
ASSTSTANT
P.I.
DESIGN. INTEGRATION
SECTION SECTION
EXPERIMENT SUPPORT RELIABILITY INTERFACE
BRANCH BRANCH ~ BRANCH BRANCH
| N
TEST OPERATIONS
SECTION SECTION
PLANNING PERFORMANCE SCHEDUALING REPORTS
BRANCH BRANCH BRANCH BRANCH
N N
DATA
REDUCTION
BRANCH )
REP-LAUNCH POST-LAUNCH
PERSONNEL 40 24
ANNUAL SALARIES - $500% $410

[:]indicates functional throughout project

[jindicates functional prior to launch only

C]indicates functional after launch only

FIGURE B-1 MAN-MADE NOISE EXPERIMENT PROJECT
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their respectlve positions throughout the course of the prOJect.
Figure B-1 also presents estimates of personnel and dlrect

annual salary requirements for the postulated organization.

Figure B-2 offers a schedule outline for the experiment,
indicating major categories of effort and periods required for

them,

NATIONAL BCIENT|FIC LABORATORIES, WASHINGTOMN, D. &,
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1. The AAFE Man Made Noise Experiment receiver, operating in
one of its standard modes will repetitively scan a band of fre-~
quencies determined by ground command. A number of considerations

relating to its scanning or sweeping function are discussed below.

2. The proposal upon which this project is basedl, assumes the
use of incremental tuning for the receiver; but in discussions with
the NSL staff, Mr., John Thomson, the COTR, has suggested continuous
swept tuning as a desirable method of scanning, He also questioned
the ability of the receiver to complete multiple'scans in‘a'single

‘"pass",

3. Theré is no literature at hand which sbecifically addresses
the choice of incremeﬁtal vs. continuous tuning for receivers of
the type to be designed. The_experiment'design proposed for the
ATS-F and G spacecraft?, proposes a wideband transponder iﬁ the
spacecraft and spectrum analyzers at the ground stations; demodula-
tion is accomplished on the ground using swept spectrum techniques,
and no quantizing and digital processing was anticipa;ed. Similar
hardware and techﬁiques were applied during the Genéral Dynamics
NASA ground and airborne measurement and analysis program.3'4

The General Dynémics 200-mile orbit feasibility.study5 is also
based on swept frequency tuning, although "interrupted tuning®
approaches are mentioned briefly. However, since this study is
based on the use of a manned spacecraft and onboard, human opera-
tion, data processing and analysis, its relevance to the'present
case is mininal. The GSFC RFI receiver specifit:ation6 requires

incremental tuning, but the rationale for the requirement is not

MATIONAL SCIENTIFIC LABCGRATORIES, WASHINGTON, B. ©.
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discussion is that the greatest probability of acquisition by a
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presented in the specification. The AIL receilver proposalT,
based on the GSFC specification cited above, discusses only the
incremental tuning approach using a frequency synthesizer, Other
studies and experiments involving automatically tuned receivers
have been reviewed, but none discuss the trade-offs between

continuously swept and incremental tuning methods.

4. One report8 includes a germane discussion of acquisition
probability; it is the final report of a study concerning a wide
variety of interference measurement and surveillance techniques

through the 100 kHz to 40 GHz range. The main point of this

sweeping receiver of a pulsed, coherent emission source with a
rotating antenna regquires minimizing receiver dead-or blanking-time
per sweep. (The use of an equal rise-~ and fall-time sweeping
waveform is suggested, but is then discounted because of the
hyéteresis effects in voltage tuned components such as YIG filters.)
The experiment under design at the present time will, in all like-
lihood, include bands wherein the aggregate power will include high
level pulses from antennas peripherally visible to the spacecraft
for very brief periods (owing both to spacecraft track and emitter
antenna rotation, e.g., radar bands). Because their contributions
may be highly significant from an interference standpoint, care
must be taken to assure that the probability of acquisition by the
spacecraft receiver is high., For each receiver frequency increment|
there may be an associated blanking period to facilitate oscillatoer
settling; if this be the case, continuous sweeping will eliminate

the need for such blanking and thereby enhance the probability of

MATIOMAL NCIENTIFIC LABORATORIES. WASHINGTON, D. c.
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acquisition for all significant emissions encountered., Hence, the
only text available which relates to trade-offs between incremental
and continuous tuning tends to point toward continuous tuning as

a better choice, if incremental tuning requires blanking for each
increment. There‘may, however, be other factors in the choices
which remain to be considered; it may be that there have been
substantial and relevant reasons for the choice of incremental
tuning in a number of previous spectfal analysis experiments,
Further consideration of the guestion is in order, particularly as
regards sampling and digitizing effects, data precision and the

like.

5. The ability of the receiver to complete multiple scans
detecting a given emitter in a single pass (to provide doppler
information)_will dependrupon the proximity of the emjitter t; the
track of the spacecraft, the size and shape of the spacecraft
antenna footprint, antenna sidelocbes, spacecraft altitude, orbit
eccentricity, spacecraft reéeiver scan rate, scannhing spectrum,
etc. More simply stated, the number of times an emitter is
afforded the opportunity to be detected during a pass is dependent
on the period it is in view by the spacecraft and the‘rate at
which its frequency is scanned. The period in view‘is dependent
on the track and dynamics of the spacecraft orbit and may fall
anywhere from a maximum value to zero. The rate at which any
frequency is scanned is determined by the fundamental scanning

rate (Hertz per second) and the width of the scanned band (Hertz).

HWATIONAL SCIENTIFIC LABDRATORIES, WABHINGTON, D. C.
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6. The period of illumination by a terrestrial emitter of an
orbiting spacecraft during a single pass, or orbit, may range

from zero to the entire 6rbit period. (The former value results
from an orbit pass during which the emitter does not come into

the spacecraft field of view; the latter from an emitter in view
of a spacecraft in geostationary orbit). Major determinants of
illumination period include spacedraft orbit altitude,_orbit
inclination, and minimum distance from emitter to track.* The
maximum illumination period of an object (for sun-synchronous orbit
spacecraft) occurs when the terrestrial emitter lies on the

orbit track directly beneath the apogee, and the spacecraft is

in a direct (prograde) zero inclination orbit (hence, the emitter
lies on the equator, and the orbit is equatorial). By way of
example, the absolute maximum illumination period of 1000 km
altitude satellites 1is approximately 19.0 minutes. The maximum
viewing period decreases with inclination angle; for the case

of a polar 1000 km orbit, maximum illumination period is approxi-
mately 17.5 minutes; for a 180° inclination 1000 km orbit, 16.4
minutes. A considerable contribution to the aggregate flux

density at the satellite position will likely occur at times

from emitters near the limb, at its furthest distance from the
track of the satellite. This likelihood results from the
generally horizontal radiation patterns of many terrestrial

*For elliptical orbits, a number of orbit parameters may also have
considerable effects on illumination pericds. However, for orbits
with low order eccentricities (¢.05), mean-altitude circular orbit
calculations provide adequate approximation values. The eccentricity

of a 1000 km mean altitude elliptical orbit with an apogee to
perigee altitude ratio of 2:1 is .045.

MATIONAL SCIERTIFIC LABORATORMIES, WASHINGTON, pB. €.
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emitters (e.g., broadcast TV; search radar; LOS relay); their

maximum gain intersections with the orbital sphere occur from the

satellite horizon. The periods of illumination by such emitters

will be very brief, but their numbers and their overall signifi-

cance as interferors is expected to be appreciable. Acquisition

by the experiment of these interference signals is very desirable,

lest resulting data be appreciably different from that prodﬁced_

by continuous coverage at each frequency. Hence, if only the

on- and near-track emitters were consequential, illumination

periods of 15-18 minutes would prévide a basis for settlng scan

rates and fredquency dispersions; consideration of all "high-level™

contributors to the interference environment at each position and

frequency on the orbital sphere, however, tends to reduce the

"baslc period" to a smaller value.

7

The maximum rate at which a scanning receiver may operate

without unacceptable loss of definition (i.e., apparenﬁ carrier

sensitivity and apparent resolution) is determined by the relation-

Ships:9

and

.
@ = 2 2 1/4
ST (s /
: tsAf
Af - L2 fg 2 1/2
eff 2 1n2 5
iE - MR ggg2) )

NATIONAL SCIENTIFIC LABORATORIEN, WANNINGTEON, O. €.

raag




NSL

where: @ = loss in carrier response, maximum response/response
fs = frequency scanning range (dispersion range)
ty = scanning period

Af

receiver bandwidth, and

Afeff = apparent bandwidth

These relationships are plotted in Figures 1 and 2, It is ap-
parent that, where fs/ts$ Af2, neither response nor resolution
are appreciably affected. Other pertinent relationships are
indicated in Figures 3 and 4. Figure 3 indicates scan rate as a
function of normalized scan rate, [fs/(tS Afz)], for selected
receiver bandwidths, Figure 4 relates scan period and bandwidth
where fs/ts = Af? for various bands. It is worthy of note that a
12 GHz band, the entire spectrum of interest, could be scanned
without appreciable loss of sensitivity or carrier resolution,

in a period of one minute with a receiver bandwidth less than 20
kHz., Unfortunately, other more stringent limitations bear on
Scanning rate for the present experiment; the considerations just
discussed are pertinent for "high fidelity” analogue outputs only
(e.g., spectrum analyzer displays). The down-link data stream
from the Man-Made Noise Experiment receiver will be power limited,
and appreciable bandwidth or noise penalties resulting from this

limitation must be considered.

8. It is not an objective of this experiment to investigate the
modulation envelopes or spectral characteristics of individual
terrestrial interference sources; hence the need and desirability

of broadband analogue down-link channels are obviated. However,

MATIONAL BCIENTIFIC LABOWRATONIES, WASHINGTON, B. €,
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the desirability of "easy" interface with existing and planned
NASA data link facilities and of power constrained channels is
readily apparent, and suggests the use of digital experiment data
.down~link transmission format, as does the obvious requirement
for extensive post-pass experiment data processing. It appears
feasible to assume a maximum down~link experiment data rate of
51;2:kb/sec., that of the Unified "S~Band" (USB) high-speed
‘telemetry data channel; USB linké‘are compatible-with all major
SfADAN stations and wiil remain so for the foreseeable future.
Based on the 51,2 kb/sec. constraint, the maximum numbér of
_amplitﬁde data samples, per second S/sec= (51.2 x 103)/ﬁs, where
By = bits/sample (b/s). The bit requirements per sample is
détermined?by amplitude resolution requirements and the amplitude
”dynamic range‘of the data, both of which-can be expressed in dB.
Assuming a.dynamic range 270 dB per sample and amplitude resblu-
tion requirements of 1 dB, the number of bits required is 7 per

sample. 'Hence; the maximum number of data samples per second,

” . 3., 3
‘(S/seC)max'”(Sl'z x 10 )/7 = 7.2 % lQ

9. With.d'fixed maximum data sampling rate the sémplingr
characteristié,ﬂthe receiver resolution (carrier bandwidth) and the
reéeiver scan rate determine the relationship between analogué
receiver IF output and down-1link data. This relationship is of
great import to the data analysis. For example, among the possible

data sampling characteristics are:

MATIONAL BCIENTIFIC LABORAYORIZS, WASNINATOM, B. C.
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© Peak amplitude value during sample peripd;
o Average amplitude value during sample period;
o Instantaneous value at sample time;

o Average value rate of change during sample period.

(Of course, other sampling functions might also be considéred, in-
cluding those éombinational forms wherein fhe output data would
represent two values resulting from the same éample); -Figure 5

is a sketch representing the time functions of a hypothetical
receilver outpu£ with various sampling functions épplied. Figure-G
is a like representation for a case with a receiver Af/tg con~ .
siderably lower than that of Figure 5. These sketches indicate
likely differences between déta records for three possible
sampling functions. Figure 7 relates the graphic preéentatiéns

of Figures 5 and 6 to a functional block diagram in which, each of
the three functions‘opérate via its own channel., It is noteworthy
that if the lower Af (ts£_0.5) were represented in compliaﬁce with
the Nyguist sampling criterion, the records would present identical
forms. 1In that case, the form of the representative data records
would essentially be that of the IF output signal itself, and
could be used to yield an analogue reconstruction of the original
output signal., However, with a 7 bit/sample down-link data word,
the sampling critérion requires AfSLBT/14 where BT‘is the down-link
data rate in bits per second (b/sec). With a 51;2 kb/sec. channel,
receiver bandwidth would be limited to 3.66 kHz (Af< 0.5 s/t),

and the maximum rate pf scan would be 13,4 MHz/sec. (fs/tsg;Afz)-
To return to the central issue of the paragraph, however, the

relationship between the earth station data record and the receiver

NATIONAL CCIENTIFIC LABORATORIES, WASKINATON, B. C.
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output are determined by the sampling characteristics, resolution,
and scanning rate. The optimum properties for these parameters
will be determined by relating goals for dispersion, sensitivity

and permissible frequency error,

10, For the present experiment, dispersion may take any value
between 0 and 11.6 GHz. However, the problems and penalties
resulting from rapid antennae switching and other considerations
relating to both hardware and data procéssing, are likely to
preclude full fahge dispersion as é_normal mode of operatioh.
Dispersion selections occupying as much as the entire range of a
siﬁgle experiment antenna, however, may well be desirable; if the
log~periodic antenna structure is employed, a maximum range on
the order of 4 GHz may be plausible. Hence, 4 GHz is considered

as the maximum dispersion in the normal scanning mode of operation.

11, The sénsitivity of the receiver must be adequate to permit
accurate measurement of potential interferors by the spaceborne
system. .The operating-temperature,ror noise figure, of the receiver
will be constrained by current Rf amplifier state-of—ﬁhé-art, but
cw sensitiﬁity can be optimized by static-receiver bandwidth (i.e.,
the receiver passband characteristic measured when it is not
scanning) and limitation of maximﬁm scan rate to the fs/ts_é.&f2
value. It appears that the best achievable front-end performance
for the receiver will be NFx=10 dB. Based on ﬁi = kTB, where

T = ~90 [antilog (NF/ID)]-290, the cw sensitivity of the receiver

can approximate:
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_ﬁi ' o Af (fa/tsj.max
~133 dBW 1 MHz 1000 GHz/sec
~143 4BW 100.kHz 10 GHz/sec
~149 ABW | 25 kHz 625 MHz/sec
~153 dBW 10 kHz | 100 MHz/sec

If the receiver input transducer is a paraboloid/sec antenna of
A %1 m2 (Dx1.5 m), for a m.in.imum Si/ﬁi = 3 dB, the power flux
density of a carrier at the satellite must be PFD2 -130 dBW/m2
with Af = 1 MHz, or PFD2 -150 dBW/m2 for Af = 10 kHz. The use of
a non-directional antenna of constant gain would make the antenﬁa
effective area ffequency dependent, Ae (dB ref 1 ﬁz) = 38,5 +
G(dB) - 20 log fo(MHz).: Typical gain for a wide beam "frequency-
independent" antenna is 6 dBi,  The effective area of such an
antenna is Ae.= -7;5 dB ref 1 m? at 400 MHz; A, = =37 dp ref 1 m?
at 12 GHz. At a distance of 4000 km, the nominal slant range to
the horizon for a-satellite at 1000 km altitude, propagation
spreadiné loss is LS:3 143 4B.. Hence, for a receiver_with a 1 MHz
bandwidth at 1000 km altitude, the minimum detectable e.i.r.p. from
the horizon with a 6 dB antenna will be on the order of 50 dBW

‘at 12 GHz; 21 dBW at 400 MHz. (e.i.r.p. . = (dBW) = PFD .
.(dBW/mz) - Ae (dB ref 1‘m2) + LS); - If the receiver bandwidth isA

reduced to 25 kHz, the minimum detectable cw e.i.r.p.'s will be

decreased by 16 dB; or 34 dBW at 12 GHz; -13 dBW at 400 MHz.

MATIONAL BCIENTIFIC LARORATORIES. WASHINGTON, D. €.
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12, Another‘consideration which will bear on minimum bandwidth
for the receiver is the aggregate spectra and stabilities of
signals to be measured; it will decrease sensitivity to limit the
passband of the receiver so much as to reject appreciable signal
energy. The modulation of potential interferors will vary over
wide ranges or values. Radar, tropospheric scatter links, wide-
band LOS communications lihks, and television spectra will be
measured in MHz; voice and low speed data links in the mobile and
aeronautical services occupy much "narrower" channels, The

levels of conventional radar, troposcatter and breoadcast tele-
vision will be adequate for detection with a relatively narrow-
band receiver because of their very high e.i.r.p.'s. LOS communi-
cation links, however, mayv be marginal or undetectable with low
gain antennas. The typical LOS e.i.r.p. is 40 dBW, and its
spectrum is 20 MHz. The distribution of energy is not uniform
through that band, however, and frequently is heavily concentrated
about the carrier. The source stabilities of interference signals
will be on the order of 1 part in 106 or better (except for some
mobile cases), but dop?ler effects can be considerable. The
doppler problem is worthy of further consideration, but for first
approximation purposes, a 1000 km orbit may produce overhead

pass doppler shifts on the order of + 280 kHz at 12 GHz, and

+ 10 kHz at 400 MHz.
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D. DATA HANDLING

The following subsections discuss, in general and for some
specific examples the data flow, storage and processing associated
with the man-made noise experiment. In order to create.the most
efficient data handling system the data storage and processing
must be designed with both the receiver operation and ultimate

experiment output in mind.

As previously discussed the overall objective of this
experiment is to develop a data base that can be used for
assessing the levels of man-made electromagnetic radiation or
interference at satellite orbital altitudes. The épproach td be
used in this experiment to measure interfggence levels
basically involves two modes of operation. The first mode
and the one which will be used the majority of the time invoives
the measurement and storage of peak power levels as a function
of frequency, geographical area, time of'day and time of year
and satellite altitude. The objective of this operational mode
will be to develop power flux density maps that depict the levels
of interference és a function of the above parameters. The
second mode of operation is designed to measure interference
levels in narrow f;equency bands, over small geographical areas, -
at specific times of the day or year on a demand basis. If, for
example, there is a requirement for the measurement of interference
levels in a given narrow frequency range, say 2550-2690 MHEz over
a specificrgeographicél area, say New York City, this experiment

proéides for operational procedures to allow for this type of

HATIONAL SCIENTIFIC LABORATORIES, WABHINMGYOMN, D. C.
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data collection. It is important to distinguish between these
two modes of operation before discussing the data handling and
processing procedures because the absolute resolution requirements
for the stored data impact the data processing and storage
portions of the experiment. As will be shown in the folloiwng
section it is not practical and feasible to collect peak power
data with a resolution of 20 kHz and a geographical resolution
of a few feet and store this type of data for compiling power
flux density maps over the entire 400 MHz to 12 GHz frequenéy
range and the entire orbital sphere. However, for specific
analysis and measurement of frequency bands at a given geo-
graphical location a geographical resolution of several hundred
feet and a frequency resolution of 20 kHz would be desirable
and is feasible.

The basic processing algorithms and data reduction procedures

will be similar for both the "on demand" type measurement and
the long term power flux density data collection. The primary
difference between the two modes will be the difference in the

resolution cell to be used in the data storage library.

D.1 General Data Library Requirements and Structure

The structure of the data library is determined by several
factors:
o It must contain the necessary information needed
to generate power flux density maps and other
interference statistics on the received man-

made noise,

NATIONAL SCIENTIFIC LASORATORIES, WABHINGTON, D. €.
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0 Its structure must allow the most efficient
updating of stored data by adding new data as it
is taken and

o It should be a fixed predetermined size so that the
physical number of storage tapes do not grow in

an unbounded manner as the experiment progresses.

Beginning with the smallest portion of the library, the individual
"frequency record" records and working outward, the structure

of the library is as follows:

D.l.1 Frequency Record

The frequency record contains the actual information gathered
about the received manlmade'noise. This information should include
the basic sampling-statistice of the recorded RFI data including
a percentile breakdown of all of the receiwved RFI data on the
basis of the received power level. Since the dynamic range of

the man-made noise receiver is approximately 70 dB the frequency
recerd could contain ten percentile data blocks each data block
containing the number‘of received samples falling within a
specific 7 dB increment of the receiver's dynamic range. A
finer power resolution is of course possible, however if the
library is to be completely structured (i.e., fixed in size)

at the onset of the experiment, then storage must be set aside
for the maximum number of samples thait could be expected to

fall within any of the power increments. If for example it

was felt that to be an accurate statistic each frequency record

(i.e., at each specific frequency, geographic, time of day,

NATIONAL BCIENTIFIC LARORATORIES, WASHINGTON, D. G.
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time of vear and altitude data point) had to hold at least 1023
samples then each of the percéntile data blocks must be allotted
10 bits within the frequency record to allow for the possibility
of all 1023 samples falling within the same power range. If the
dynamic range of the receiver is divided into 20 increments of
3.5 dB, instead of 10 increments of 7 d8, then the ultimate
resolution of the distribution is more accurate but the data
storage requiréments are doubled unless the total number of
samples required to produce an "accurate statistic" is reduced.
These two factors do not trade-off linearly, however, since it
requires 100 data bits to store 10 percentile blocks each holding
a number from 0 to 1023 but 100 data bits holding 20 percentile
data blocks (of 5 bits each) would allow only 31 samples to be

stored in each.

In addition to storing percentile power statistics on the
received man-made noise the maximum and the minimum power level
record should also be stored. These words are stored in order
to allow the rapid creation of accurate maximum and minimum
power flux density maps.

The actual structure and size of an individual frequency
record and therefore the information content of the record should
be structured with the processing computer in mind. For example,
the CDC 6600 uses a 60 bit word, 15 bit byte, so the smallest
number of bits conveniently handled by the arithmetic sections
of the computer (using assembly language) is 15 bits, while

access to the core memory is performed in 60 bit units. A XDS
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Sigma 7 on the other hand uses a 32 bit word with an eight bit
byte. Obviocusly, the most efficient frequency record structure
for the CDC 6600 would not operate efficiently on the XDS Sigma

7 computer.

D.1.2 Diurnal Blocks

In order to store information of the diurnal variation of
the‘man-made noise, separate storage allocations must be available
for each segment of the day in which the data is taken. One
method of accomlishing this is to create several areas within a
single frequency record, one for each diurnal period regquired.
Each of these storage areas would contain the same number of bits
{percentile power numbers, etc.) and would hold information on

the RFI taken during a specific portion of the day. A second

method of accomplishing this is to have several separate groups
of frequency records, each group corresponding to a specific portion

of the day.

The actual long-term data storage will be accomplished by
using magnetic tapes. The information on a magnetic tape is
rost easily read into the computer in a sequential manner.
This means that if a frequency record contained several diurnal
blocks, all of the diurnal information associated witﬂ\a specific
frequency record will be read off of the tape whenever several
frequency blocks are. Since the data received at the data
processing center from the ground stations will be in the form

of received data gathered on individual satellite passes, the

incoming data will be processed in batches where the diurnal

e - MATIONAL SCIEHTIFIC LABORATONIEE, WASHINGTON, D. &.
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variation of the data, in any single batch, is at most about
15 minutes, i.e., the longest satellite visibility period.

If the day is divided into relatively large segments, quarters
for example, then any given batch of input data will most likely
fall within a single diurnal period. This means that by storing
the frequency records in groups according to the diurnal periods
only a single group of frequency records must be read off the
tape at any one time. So, placing the frequency fecords into
groups where each group represents a specific portion of the day
will reduce the core requirements of the data processing programs,
making for a more efficient experiment data flow.

Several factors must be considered in determining the number
of diurnal periods used in the data storage library.

(1) It is guite possible that local time of passage

for ascending (or descending) satellite passes
near a single ground point will occur within the
same 2 or 3 hour period every day for several
months., This can happen even for a non-sun
synchronous orbit. If data is to be taken for
a specific frequency band continuously for a

one to two month period, then all of the data
taken would apply to only one or two diurnal
blocks.

(2) The diurnal resclution regquired for the
experiment will probably be very gross, say
morning, afternoon, evening and night. And
finally, some frequency bands may show little

or no diurnal variation.
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D.1.3 Geographic Bin

The man-made noise receiver is capable of generating one
data word for every 10 feet, or so, of satellite movement. If the
receiver is operating in the 10 MHz scan mode it can return to.
the same fregquency after 500 data words or a little over one
kilometer of satellite movement. If a ground resolution of 50
or 100 km is required in the data storage library then the-data
generated by the 10 or 15 seconds of receiver will apply to many
frequency records but only one or two geographic bins (geo-bins).
The most efficient method of structuring the library then is to
have a complete set of frequency records aﬁd diurnal blocks
within each geo-bin. With this structure severai hundred or
thousand consecutive data words will be processed into a contig-
uous area of library magnetic tapes. If the structure were reversed,
that is storing geographic information within a frequency record
then a new tape area would have to be accessed whenever the
receiver produced a data word concerning a different frequency.

The method in which the earth’s surface is broken up into
geo-bins will also impact the efficiency of the data flow. On
preliminary inspection it may seem reasonable to divide an
area up strictly in terms of latitude and longitude lines,
for example, a geo-bin could be chosen to be an area of 1° x 1°
However, while one degree of latitude remains fixed at about
111 km, one degree of longitude varies from{lll km at the equator
to 0 km at the earth's poles. 1If each geo-bin is to contain
the same geographic area then this method becomes very cumbersome.

A second method might be to simply divide the earth's surface

NATIONAL SCIENTIFIC LANORATORIEN, WARBHINGTOMN, D. C.
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into approximately square regions of equal area without regard
to latitude and longitude. This method, while aesthetically
pleasing because of nice square bin shapes doesn't consider the
fact that the point at which a specific data point is taken is

a function of the satellite's orbital parameters. Again, the
p

magnetic tape is a sequential storage device and with this scheme
there is no guarantee that when the satellite leaves the geo-bin
it will automatically enter the next geo-bkin on the library

tape. This would mean a large amount of potentially unnecessary
tape changes and tapé scanning when the receiver data is
processed into the storage library.

A third library structure, which overcomes the problems
outlined above, would be to define two of the four borders of a
geo-bin by actual satellite tracks spaced a specific number of
longitude degrees apart at the eguator and then, since the
satellite tracks approach each other in distance (but not in
degrees of longitude) as the satellite moves away from the
equator define the remaining two bin boundaries by latitude lines
spaced so as to keep the total surface area within any geo-bin
constant. &n example of this type of geo-bin is shown in Figure
D-1. Fach of the geo-bins shown in the figure has an areas
eguivalent to that of a square with 150 km sides.

There are a number of benefits arising from this type of
geo-bin structure. If all of those geo-bins which lie between
track 1 and track 2 of Figure D~1 are stored on the same magnetic
tape and the bins are stored in order, starting at the equator

and going to the maximum latitude that the subsatellite passes
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FIGURE D-1. EXAMPLE OF PROPOSED GEOGRAPH-BIN
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over, then whenever the satellite crosses the eguator ascending

between longitude 141.348°W and 142.692°W all of the data

generated by the receiver must pertain to that one storage tape.

Also the geo-bins within that storage tape will be exercised in

sequence so that only one pass of the storage tape is required

for any pass of the satellite over a ground station. Two other

benefits arise from this system, namely:

(1) Since there is a direct relation between the
equator crossing time and the time a satellite
will cross any given latitude for a specific
orbit, once the time of the commencement of
data transmission is known it is very easy to
relate a specific data position in the satellite

data stream to a specific geo-bin, and

(2} Geo-bins developed in this manner can be summed to

produce larger geographic-bins very easily, with

no overlapping of the geographic areas involved.

The equations required to produce these bin boundaries are

very simple and are obtaind as follows:
The area of a spherical ring located coaxially with
the earth's rotational axis is givén by

— 2 ) .
Aring = 2T™R,“ (8in Ly - Sin Lj)

where: R, is the average earth radius

L; is latitude of the lower edge of the ring

L, is the latitude of the upper edge of the ring

MATIONAL BEIENTIFIC LABORATORIES, WANBHINGYON, B, C.

(1)

PAGE

D-10




NSL

The portion of the ring lying between two orbital tracks
"d" degrees apart is given by d/360, regardless of the shape of
the orbital tracks. So if the required geo-bin area is giveh

by Agb then

A ={d/360)2‘"’Re2 (sin L, - Sin Ly) (2}

gb

The spacing of the orbital tracks can ke obtained by letting
the boundary spacing (in km) at the equator (L; = 0) be equal to
the side of a square whose area would equal Agb and Equation (2)
can then be solved for the latitude L, reguired to make the bin

area equal to Agb' This latitude is:

L, = ARCSIN ( YA /R + Sin L) (3)

This process. is repeated resetting Ll to L,, to obtain the next
higher latitude bin boundary. Various modifications to this
technicque can be used to produce the "squarest" gec—-bin at any

desired latitude.

As an example, Table D-1 shows the latitude boundaries for
bin areas of 2.5 x 105 and lO6 sq km (equivalent to sguares with
500 and 1000 km sides respectiwvely). Also shown in the Table are
thé verticle dimensions of each bin both in degrees of latitude
and in km and the approximate time (in seconds from equator
crossing) that a satellite in a 1000 km, 63.5° inclination orbit
would enter a specific geo-bin. The forth column in Table D-1
($ increase vert) gives the percentage increase of the vertical

dimension of the geo-bins as compared to the horizontal bin
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dimension at the equator and is a measure of the elongation
(latitudinal) and narrowing {(longitudinal) of the bin shape

caused by the two satellite tracks approaching each other in
distance at the higher latitudes. As mentioned previously and

as can be seen in the Table D-1 four of the 2.5 x 10° geo-bins fit
exactly into one of the 10 geo-bins. Figure D-2Z shows the
geo-bin shapes for 106 sq km bins superimposed over the

visibility circle of the spacecraft as seen from GSFC/NTTF.

D.1.4 Altitude and Seasonal Sublibraries

Each receiver data word is also a function of the time of
year it is taken and the orbital altitude at which it is taken.
Perhaps the best way to structure the overall data library is
to physically separate it into eight sections on the basis of
altitudes near the apogee and perigee altitudes and the four
seasons of the vear.

While this seasonal division is extremély arbitrary, if a
seasonal variation in man-made noise is to be looked for some
allowance must be made in the data storage library for incorporating
this parameter. Since the standard operation of the receiver
will probably be to take data over a given frequency band for a
period of at most a couple of months, only that portion of the
library pertaining to the current season must be available at
the data processing center. The remaining three quarters of the
library could remain in a storage area that does not have to be

physically located near the operations center.
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Dividing the library in terms of satellite altitude is
justifiea on the_basis of efficient daﬁa processing. Since
the taking of data by the nan-made noise receiver will probably
be restricted to altitudes within a set percentage of the
apogee or perigee, a single satellite pass of a ground sﬁation‘
will not contain data from both ascending and descending portions
of the orbit. The processing of any given receiver generated
data tape would access 6n1y one library tape in éither'of the
two altitude liﬁraries. Another and more important reason for
segregating the altitude libraries is the structure of the
geo-bins. Geo-bins set up for any single ascending pass will be
contained on a singlé-library tape and will be accessed in the
sequence that they appear'on the tape, a descending pass would
cut across the geo-bin such‘that many library tapes would have
to be accessed for‘any one pass. The most efficient method
of structuring the storage library would be to have two
separate sets of library tapes one for ascending passes,and'oné
for descending passes, each of which has its own geo-bin

structure,

D.1.5 Data Storage Library Structure Summary

Each data word generated by'the man-made noise expefimenter
is aétually a function of five variables:

o Fiequency

o Geographic Position

o Time of Day
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o Time of Year

o Spacecraft Altitude

The structure of the data storage library must take all five

of these variables into account and yet must allow for the fastest
most efficient operation, utilizing sequential magnetic tape
storage.

Figure D-3 shows, schematically, the proposed library
structure. The library is physically divided into eight
separate sublibraries of storage tapes, only two of which (both
altitude sublibraries for any one season of the year) must be
accessable to the data processing center at any given time.

Each sublibrary consists of a fixed number of magnetic tapes,
only one of which is required to process the receiver generated
data for any single satellite pass of a ground station. The
information on each tape is initially divided in geographic
regions (geo-bins) each of which will be accessed sequentially
during a data processing operation. TFach geo-bin is divided
into several diurnal blocks, only one of which is used for a
single updating of the storage data and finally each diurnal block
is divided into a series of frequency records. Each frequency
record will be accessed sequentially for an updating operation
and contains statistically information concerning the man-made
noise received in a specific freguency increment, at a specific
time of day, within a specific geographic area, within a specific

altitude range and in a given season of the year.

MATIONAL BCIEMTIFIC LABORATORIES, WASHINGTOM, D. €. ‘J
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SEASONAL

JANLT LIV

SUB-LIBRARIES

GFO-BIN No. 428
DIURNAL RLOCK No. 1
FREQUENCY RECORD No.
FREQUENCY RECORD No.
FREOUFNCY RECORD No.
DIURNAL BLOCK No. 2

FREQUENCY RECORD No.
FREQUENCY RECORD No.

GEO-BIN No. 429

- »

FIGURE D=3. LIBRARY STRUCTURE
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D.2 Dpata Volume Impact on Experiment

If properly structured, the tétal volume of the data storage
library will not be a function of the total number of data
samples produced by the man-made noise receiver. Since information
is actually stored in the form of statistics concerning the
received data, each new piece of data merely modifies the
statistics and does not actually increase the size of the
overall storage reguirements.¥*

However, each set of statistics contained in the data
storage library is actually a function of five parameters and the
way these parameters are broken down very greatly impacts the
overall size of the library.

For example, if an attempt were made to store all of the

man~made noise data at the following resolutions:

Geographic resolution 10 km

Frequency resolution 20 kHz

Diurnal resolution ' 4 quarters of the day
Seasonél resolution . 4 seasons of the year
Altitude resolution 2 altitudes

and three computer words (180 bits) were required to store the
information on each data statistic, then over 87,000,000
individual magnetic tapes would be required. Table D—-2 shows how

this value is arrived at.

* Note, This statement is true as long as the number of data
samples falling into a single percentile slot is below a pre
selected number. The actual selection of the value is considered
later in the report.

HATIONAL SCIENTIFIC LABORATORIZE, WASHINGTON, b. C. J
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TABLE D-2

STORAGE REQUIREMENTS FOR HIGH RESVOLU‘I‘ION,
COMPLETE DATA STORAGE LIBRARY

Seasonal Sublibraries : 4
Altitude Sublibraries 2
Geo-Bins |
= Total LongitudexTotal Latitude/Bin Area 4.68x106
(368) {135°) (.01°)
Diurnal Blocks 4
Frequency Records
= Total Frequengy Band/FrequencZ Increment 6x105'
{12x107) (2x10%)
Total No. of Freguency Records. : : 8.99x1013
Bits per Frequency Record ' 180
Total No. of Bits to be Stored 1.62x1016
Bits per Storage Tape* | _ 1.87 % 108
Total Number of Tapes Required 8.7x10"7

*One 2400 ft., 2 track, 800 bpi tape at 90% packing efficiency can
store 1.62x1016 bits

Prace
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Obviously, it would be impractical, if not physically

impossible* to attempt to utilize a data base of this size.

Inspection of Table 4-2 shows that there are three major
parameters which may be varied to reduce the size of the data
library: the size of the geographic resclution element, the
size of the frequency resolution element and the number of bits
included in a single frequency record. In addition if either the
total geographic area or the total freguency bandwidth to be
stored in the library is reduced, then the total volume of
the library is reduced. The following sections deals with practical
methods of increasing the geographic and frequency resolution
‘element, and thereby decreasing the data processing burden and
storage. The following section discusses the effect that varying
the above parameters has on thé size of a practical data storage

library.

D.2.1 Methods of Reducing Data Volume

Because 0of the large range of potential uses that exist
for the receiver, it has been designed to gather information in
very fine frequency and geographic increments. Some of the
experiment objectives, however, do not require 20 kHz frequency
resolutions or 3 ft. geographic resolution and, as just
discussed, any attempt to create a general data base to
contain RFI data covering the entire frequency and geographic

ranges covered by the receiver at the maximum resolution that

*87 x 10° tapes would require a one story building with about
700,000 sg. ft. of floor area, not counting passage ways.

L —
HATIOMAL SCIEHTIFIC LABGRATORIES, WARHINGTON, B. C.
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the receiver is capable of seeing leads to a prohibitally large
data tape liﬁrary. For these reasons the experimént has bheen
designed such that either or both the frequency resolution
and the geographic resolution may be decreased. This de-
creased resolution wiil decrease the experimental data flow
volume and total data library regquirements and subsegquently
decrease the data processing and handling time and cost. '
Those applications requiring the full resolution requirements,
may, of course, restrict other system parameters such as the
total geographic area or the total frequency band over which
data is taken, in order to control the data library size and

processing load.

D.2.1.1 Frequency Resolution

The ultimate frequency resolution of the AAFE receiver
ig the bandpass of the last predetection filter. The
receiver outputs one seven bit peak amplitude word for each
20 kHz frequency band. The frequency resolution may be
decreased by considering groups of frequency/peak-amplitude -
words and choosing the one with the largest value. If, for
example, the experiment output were to be in the form of PFD
maps generated for every 100 kHz of the RF spectrum,
five of the receivef output amplitude values would be

combined, reducing the quantity of data by a factor of five.

Pack
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In order to obtain the greatest savings in data handling,
this data summation process should be implemented as close
to the data source as possible. And since some special groﬁnd
station interface equipment is required, the addition of this
summation capability would not significantly increase the

special equipment complexity.

D.2,1.2 Geographic Resolution

The second variable resolution parameter is the geographical
coverage during a single frequency detection period. In
the single frequency mode, the receiver is designed to operate
at a maximum data output rate of one data word every 100 usec
and to return to the same 20 kH=z frequengy slot every SOO'ﬁsec.
During this 500 usec the spacecraft subsatellite point will
travel approximately 3 meters. The receiver has been designed
gso that distance between samples at the same fregquency may be
increased by slowing down the CDSC data request clock. If the
experiment operator felt that a distance between data/word at
each frequency of 300m were sufficient he could reduce the
onboard data clock by a factor of 100 by ground command, and
he would simultaneously be reduéing the experiment data flow

and data storage requirements by two orders of magnitude.

D.2.2 $Sizing the Data Storage Library

This section discusses the trade-offs involved in designing

a practical data storage library.

MATIONAL SCIENTIFIC LABORATORIAE, WARKINGTON, D. . —J
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D.2,2.1 Fregquency vs. Geographic Resolution

The input data consists of multidimensional amplitude (7
bit) words. Multidimensional in the fact that each amplitude

data word is a function of f£ive variables,
For most purposes, some of the parameters can be broken into very
coarse increments e.g., time of year - 4 parts (seasonal);

time of day - 4 parts, altitude - 2 altitudes.

The freqﬁency and geoqraphicrparameters associated With
a specific amplitude word are actually ranges and not specific
numbers, that is the receiver's minimum bandwidth or
frequency resolution is 20 kHz énd since the detectdr is of
the peak—hold and reset type the amplitude word corresponds to
the maximum value of RFI received while the spacecraft sub-

satellite point moved apprOXimately 3 ft.

1f each of these 8 separate sublibraries (4 seasonal x 2
altitude) is limited in the number of tapes it may contain, the
following paragraphs will yield an idea of how totél tape volume
constraints will effect the frequency and geographic resolution
of.the data base.

Each tape may contain appro#imately 1.87 x 108 bits, if
each record consists of 180 bits,'each tape can therefore hold
about 1.04 x 10° records where each record contains information
about a single frequency bin, a single geographic bin and a

single time of day bin.

NATIONAL PCIENTIFIC LABORATONIEN. WASHINGTON, D, .
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Since there are 4 time of day bins this leaves 259,200
frequency and geographic bins per tape and if each of the
8 libraries is constrained to the following numbers of tape then

the total number of available records is:

# Tapes | # Records
s | 1,296,000
15 3,888,000
20 5,184,000
25 6,480,000
50 13,960,000

Instead of considering the entire orbital sphere look at
the data which can be collected from a single ground station in

real time.

-~ The ground radius from the ground station to the
satellite (5° above the horizon, 1330 km altitude)
is 3280 km. The total surface of the earth en-
compasses ‘in the visibility circle of the ground
station~satellite system is 33,097 x 10 km2

breaking this into equi-area geographic bins

implies
(1} Ng = 33.097x10° Ng = number of geo-bins
R 2 2
g B Rg = area of a geo-bin (km)
MHATIONAL SCIENTIFIC LABOWNATORIEE, WABHINGTOM, D. ©. ‘J

Page




NSL
Figure D-4 shows this relation.

Notice that even if 25 tapes were used and the data base

was to contain information on the entire receivable freguency
spectrum (12 x 109 Hz) then an obserdly gross ground resolution

of 500 km (133 total geo-bins) would require each frequency bin

to be greater than 245 kHz.

The largest contiquous set of space frequency allccation
cover 800 MHz (from 3.4 GHz to 4.2 GHz) so it might be
reasonable to limit the operational mode of-the receiver to
bands 800 MHz wide. Another breakpoint may be to limit
the receiver to 1 GHz. This would mean taking sufficient
data to define a 1 GHz or 800 MH=z portipn of the spectrum,
process the data bank and either store it at some facility
away from the processing center or just destroy it and reuse
the tapes.

Since the receiver range is 0.4 GHz to 12.4 GHz, suppose
the receiver operaticon and data bank are divided into 12 - 1 GHz
ranges. The total number of fregquency bins (Ng) required for

each 1 GHz range is given by -

(2) Nf = lOg/Rf where Re is the frequency bin width

(Hz) or frequency resolution

Combining Egquations (1) and (2),

Gy o 33:097 x 10° 10°  33.097 x 10%° )
£f7g 2 . - 2 _

NATIONAL SCIENTIFIC LARONATORIES, WASHINGTEN, D. .
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yields. Since Nng is fixed by the total number of tapes
available in which to store the data a parametric trade-off
between frequency resolution and geographic resolution may be

performed. Figure D-5 shows this trade-cff for the previously

given numbers of tapes.

It must be remembered that this is only cne of eight sub-
libraries beihg used by the experiment, so the total tape storage
requirements 5f the entire program will be larger unless, all of
the required information is extracted from the data bank on

a seasonal basis and the tapes reused.

D.2.2.2 Frequency Record Size Considerations

As previously mentioned, the frequency record will contain
statistical information in addition to the actual maximum and
minimum values of man—méde noise received by the experiment.
There afe 3 principal considerations in deciding how large a
specific frequency record must be:

(1) The number of samples required to produce a

"good statistic":

(2) the rate at which data will be collected
which effects a particular frequency record
and

(3) compatibility of the record size with the

processing computer.

NATIQMAL SCIENTIFIC LARORATORMIEA, WABHINGTODM, B. C.
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FREQUENCY RECORD BANDWIDTH (kuz)

GEQOGRAPHIC BIN SIDE (km)

FIGURE D-5 GEOERAPHIC BIN SIZE VS. FREQUENCY RESOLUTION

NHATIONAL SCIENTIFIC LABORATONIEE, WABHINGTON, D. ¢.

Pace

D-28




NSL
The number of samples required to produce a statistically
valid data set can be determined as follows: A method of
constructing intervals which have a specified chance of covering
a certain portion of a given population is based on the concept
of tolerance interval. By way of definition, tolerance intervals
are two numbers, Xl and Xa, such‘that one can make the statement
that 70 percent (say) of the total population is contained between
X, and X

1

table* gives sample sizes required for various coverings and

2 with a confidence of 90 percent (say). The following

confidences.
TABLE D=3
SAMPLE SIZE FOR TOLERANCE LIMITS
PROPORATION OF POPULATION TO BE CONTAINED
CHANCE OF COVERING BETWEEN EXTREME VALUES OF A SAMPLE SET
STATED PROPORATION .50 .90 .95 .99
.90 7 38 7 79 410
.95 8 47 97 4490
.99 11 66 135 690

The above table was calculated by non-parametric methods and
will apply for any distribution that is being sampled. If the
form of the distribution is known, of course sharper state=
ments can be made. However, if nothing is known about the
distribution then the above table will define the number of.
individual samples required to cover a certain percentage of the

unknown population with a certain confidence.

*Dixon & Massey "Introduction to Statistical Analysis"™, 2nd Edition
McGraw Hill, 1957.
L

HATIONAL RCIENTIFIC LABORATORIEN, WASHINGTOM,. D. C.
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For the man-made noise experiment then a good sample size
should be, say greater than 690 samplesf giving better than a
99% chance that the minimum and maximum power levels cover
99% of the power levels ever seen at specific frequency/geographic
point, assuming no change in the ground population.

An estimate of the rate at which data will be collected
in a specific frequency record can be obtained by looking at
the satellite motion with respect to the geographical-bin
size and the receiver data output rate. The receiver_mustfeither
operate in a fixed frequency mode or a scanning frequency mode.
If it is scanned, the minimum dispersion is 10 MHz. Since it
scans the entire 10 MHz in .05 seccnds, the receiver will return
to the same frequency interval once every 0,05 seconds., During
this time the spacecraft is moving 7.0 km/sec on the orbital
sphere or its subsatellite point is moving about 6.0 km/sec across
the surface of the'earth. This means that the receiver is pro-
ducing an amplitude word describing the same frequency at a mini-
mum geographic separation along the subsatellite track of 300 m.
As discuséed beofre the raw data will be stored according to
the geographic bin in which the subsatellite point resided

when the data was taken. The range of this bin will probably
be an area equivalent to a square with a side ranging from
50 to 300 km (i.e, ~0.5 to 6° at the equator) If, to obtain
an upper bhound, the satellite is moving diagonally across a

square bin then the maximum number of samples taken at the same

WATIONAL SCIENTIFIC LABGRATORIEE, W TOMW, B. &,

PagE




NSL
frequency which can be taken in the same geographic bin is given
by

Max No Samples = 42 (bin side) /300

Ovér an extended period the satellite track will return
to the same geographic bin. From Table 3 section 2 of the Phase
I repoft, the satellite track will repéat itself tolwithin - |
certain distancc after a specific number of days or orbits.

~While the specific cxact values of this cycle will not be known
until the satéllite is in orbit, the valueS'givcc in the Phase
I report (ccnvertéd to km and shown in Figure p-6) will give

"ball park" valués.

The value of mcximum samples per day for a givep
frequency-geographic point, as‘a function of geographic-bin
size caﬁ be cbtaincd by combining‘Equation 4 and Figure p-6
by assuming £hat data will be takcn in th2 same geographic
bin when even the satellite track repeats itself to within
the geographic bin side length. This relation is shown in
Figﬁre D=7 .

Compatibility ﬁith the procassing machine is baéiéally:a '
function of the total number of bits-contained in a record and
how information is distributéd'Within the bit grcuping. Fof
éxampie, since the CDC 6600 utilizcs 60 bit word; the number of
bits in a single frequency recora should be a multiple of 60 and
since it uses a 15 bit byte (character) the most efficient .

7 organization from thermachine viewpoint is to have 15 bits in a

data word,

MATIONAL BCHENTINC LABORATORIED, WARHINGTON, B, 2.
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CONSTRIANTS :
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While other frequency record structures are certainly
possible, an example structure for the man-made noise experi-
ment is as follows. Each record would consist of three CDC

6600 (60 bit) words (180 bits) and would contain 10-15 bit bytes
holding percentile information on the recorded data. An
elevénth byte will contain two 7 bit data'groups indicating

the maximum and minimum power levels recorded by the.receiver
for that record. The 15th bit of this word will be an overflow
indicator that will be equal to 1 if any of the percentilé

bins is full. The final byte would be a frequency/diurnal in-
dicator required to ensure that the proper frequency/diurnal
data is processed into the frequency record. The structure of

this record is shown in Figure D-8.

Each of the percentile bins would hold the number of recorded
data samples falling within a 7 dB increment of the man-made
noise receiver. Since each percentile bin contains 15 bits the

largestlnumber it can hold is 2038310.' This is several orders of

magnitude greatér than the number ofsamples required to yield

a valid set of statistics. However, from Figure D-7 if a large
geo-bin is used tHan in two months of operation it could
conceivably produce over lZ,OOC'samples, a number which also
requires 15 binary bits of storage. If any of these percentile
bins is filled then the flag in Word l, byte 2 is set up to 1
and no more data will bé taken-in the frequency record. At this
point enough data will have been gathered to obtain a good

idea of what has happened at this frequency-geographic point. .

NATIONAL SCIENTIFIC LAPORATORIED, WARHINGATON, B. &,
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WORD ) BYTE
1 2 3 4
FREO/DIURNAL - PERCENTIAL )
1 IDENT MAX MIN | pyw 6.1 Mo.2
FILLED
FLAG
2 Mo. 3 No.4 No.5 No.6
3 No. 7 No. 8 No. 9 No.10

FIGURE D-8. FREQUENCY RECORD

NATIONAL SCIENTIFIC LABSORATORIES, WARHINGTON, B. &,
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The frequency-diurnal byte (word 1, byte 1) will hold a
binary word of up to 20383, which will indicate the exact
frequency-diurnal record or the relative position of the
particular record with respect to the near by records depending

on how many frequency records are contained within a geo-bin.

4.2.3 8Sirzing the bata Storage Library and Qther Experiment
Parameter

The information in the preceding sections may be used to
obtain an estimate of the overall library size for a specific

mode of operation of the experiment.

1f, for example, the principle experiment decided that

-

power flux density maps covering the U.S., were required for
2 GHz of the E-M spectrum and that two years of operation would

be allotted to gather the required data.

Tf information is to be taken at 2 altitudes, ignoring sea-
sonal and diurnal variation, then from_Table D~3. the experiment
must collect 690 x 2 - 1380 data samples on each geographic/fre-
quency resolution element in order to produce a good statistical

basis for producing the PFD maps.

If the experiment is broken up into two portions, each
collecting data on a 1 GHz spectrum, then 365 days will be
allotted to gathering each part and the experiment must gather

1385/365 = 4 samples per day from each geographic/frequency

MATIOMAL SCIENTIFIC LABONATORIES, WABHINGTON, D, C,
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bin, PFigure D-7 is based on a 10 MHz scan operate and only
ascending passes, so if the receiver is actually scanning 1 GHz
and collects both ascending and descending pass information, then
the curve of average samples gathered per day vs. geographic bin
size must be reduced by a factor of % (10 x 106/109) = 50.
Therefore, a minimum geographic resolution element of about 200 km
(on a side) must be used. Figure D-5 indicates that by using a
30 to 35 tape library, data may be gathered with a fredquency reso-
_lution of about 100 KH=z,. |

Since data on two different altitudes is to be taken, two
sublibraries will be required and the total data tape reguirements

will b e between 60 and 70 tapes for a 1 GHz portion of the

spectrum.

It should be noted that at 100 kHz resolution it would require

10,000 PFD maps to cover 1 GHz of spectrum.

D.3 Data Flow

The overall experiment data flow is shone in Figure D—9
The experiment generated man-made noise data is received by the
ground station and forwarded to the central data processing
station. At the data processing station two major types of
operations are performed; updating of the data storage library and

interpretation processing.

Updating of the data storage library requires inputs in the
form of "raw" experiment data and principle experiment instruction,

and consists of including the freshly taken man-made noise

NATIOMAL BCIENTIFIC LARDAATORIES, WABMINGYON, O. G. v—-]
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data samples in statistical data maintained in the data storage

library.

Once sufficient data is collected té permit interpretation
processing, the data storage library will be exercised, yvielding
the required experiment outputs in the form chosen by the principal
investigator. These outputs may take the form ofrpower flux
density maps, sﬁatistical data on RFI diurnal variations or

other.

The principal investigator defines the operational mode of
the experiment and therefore conétrues the frequency coverége,
antenna used and other parameters. These pafameters along with
orbital information and clock and calibration information are

required in the updating of the data storage library.

The principal investigator is also responsible for the short
and long‘range operational planning.of the experiﬁent. Amohg
other items he must decide which frequency regions deserve
detailed analyses, the best way the'data output should be
presented and in general how best to utilize the experiment;'

In order to assist the principal investigator in his decision
making a "guick look" capability will be provided at one ground
station, p;éferably the operational ground station nearest the

data processing center (i.e, ETC, Greenbelt, Md).

NATIONAL SCIEMTIFIC LABNORATORIES, WASHINGTON, D. .
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D.3.1 Updating the Data Storage Library

Figure D-10 shows the first level flow diagram used in inputing
raw MMN data into the data storage library. As envisioned the

updating process would proceed as follows.

The following instructions supplied by the principal
investigator the computer operator would mount three data tapes,
the data input tape, one data storage tape from the data storage
library and a third blank tape. The program would initially
check the information contained in an operators file (entered
according to the experimenter instructions by the computer
operator), the header information on the data storage tape and
the first control block on the raw data tape. These three
sources of information must agree before any information is

changed in the data storage tape.

As discussed previously the structure of the information
on any data storage tape is such that raw data can be processed
and stored data modified in a sequential manner. The first
processing operation after making sure that the proper data tape
is being used with the proper storage tape is to determine where
the applicable information resides on the storage tape. After
the addressing of information on the storage tape is determined
a block of raw data is read into the computer, converted to a
statistical sample format and combined with the appropriate
statistical data from the storage tape. These newly updated

statistical data are then written out on the blank tape.
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At the end of the updating process the o0ld data tape and
storage tape may be discarded or reused and the new storage

tape returned to the data storage library.
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D.4 GROUND INTERFACE EQUIPMENT

Because of the large range of potential uses that exist
for therreceiver, it has been designed to gather information in-
very fine frequency and geographic increments. Some of the
experimenﬁ objectives, however, do not require finally detailed
resolution and as discussed later any attempt to create a general
data base to contain RFI data covering the entire frequency and
‘geographic ranges covered by the receiver at the maximum resolution
that the receiver is capable of seeing leads to a prohibitively
large data tape library. For these reasons the experiment has been
designed such that either or both the frequency resolution and
the geographic resolution may be decreased. This decreased
resolution will decrease the experimentél data flow volumé and
total data library requirements and subsequently decrease the
data processing and handling time and cost. Those applicétions
requiring the full resolution requirements, may, of éourse,
restrict other system parameters such as the total geographic area
or the total frequency band over which data is taken, in order

_to control the data library size and processing load.

One of the variable resolution parameters is the geographical
coverage during a single-ffequency detection period. 1In the
single frequency mode, the receiver is desighed to dperate at a
maximum data output rate of one data word every.loo usec. During
this 500 usec the spacecraft subsatellite poiht,will travel
approximately 3 meters. The receiver hﬁs been designed so that

distance between samples at the same frequency may be increased

HAYTIOMAL SCIENTIFIC LABORATORILE. WARMHINGTON, B. C.
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by slowing down the CDSC word frame signal. If the exﬁeriment
operator felt that a distance between data/word at each freguency
of 300m were sufficient he could reduce the onboard data clock

by a factor of 100 by ground command, and he would simultaneously
be reducing the experiment data flow and data storage require-
ments by two orders of magnitude. (It must be noted that this
command capability is not incorporated in the demonstration hard-
ware command structure but can be obtained through external

control over the word frame signal rate).

The second variable element is the ultimate fregquency
resolutionrof the AAFE receiﬁer. The receiver outputs one seven
bit peak amplitude word for each 20 kHz frequency band. The
frequency resolution may be decreased (effective bandwidth in-
creased) by considering groups of frequency/peak-amplitude
words and chcosing the one with the largest value. 1If, for
example, the expériment output were to be in the form of PFD
maps generated for every 100 kHz of the RF spectrum, five of
the receiver output amplitude values would be combined, reducing

the quantity of data by a factor of five.

In order to obtain the greatest savings in data handling,
this data summation process should be implemented as close to the
data source as possible. And since some special ground station
interface equipment is required, the addition of this summation
capability would not significantly increase the special equipment

complexity.
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The proposed ground interface equipment is shown_in Figure
7-1. There are at least two manual inputs in addition to the
man-made noise data. The input labeled QB" is the effective
bandwidth of the spaceborne receiver and is a measure of the
satellite clock setting being used in the MMN receiver. The
interface equipment must have this information in order to
"lock-onto” the incoming data stream. The second input labeled
"N", is the number of data samples which are to be combined
by the interface equipment. A description of the various

components of Figure 7-1 follows:

VCO - the receiving flywheel - initially set (B) to
the approximate S/C output data rate including doppler and is
kept "locked" to the data rate by looking for transistions in

the data.

Timing Gate/Transition Detection ~ Flywheel control -

The timing gate is opened and closed at a specific interval
around the time a data transition is expected. The transition
detector -locks for the‘spécific time of the transition with
respect tb the centér of the time gate, The VCO is adjusted

to maintain the transition in the center of the gate limits.
Since the 5/C uses NRZ coding a transition will not occur every

time.

— NATIONAL BCIEMTIFIC LANORATORIES, WABHINGTON, D. ©.
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Shift Register - Once the "flywheel"* is locked onto the

incoming data stream, the data is input serially into the shift
register and advanced through the shift register. A comparator
checks the binary data contained in the register for matches to

one of the three system flags, F;, F,, or Fg.

When F; is found the next 56 bits (control block) are
passed onto the data tape along with Fl' The logic then inhibits
the transfer of data as long as F3 appears. After the last
F4 flag, 500 (10,000 in fixed frequency mode) data words are
passed on. If the F, flag does not appear in its proper place,
bits have been added or dropped from the data stream and an
error code is written on the tape indicating that the previous
data .is invalid. If Fq is in its proper place the frequency
words "NRTF" is passed onto the tape. If an F3 fecllows the NRTF
the system idles, as before, until data begins appearing in

the comparator. This process is continued until the F; flag

reappears starting the processes over again.

Peak Comparator - When data is to be transferred to the tape,

the capability exists of combining several (N) of the frequency
amplitude words, in order to reduce the data output. This reductior
is accomplished by the second comparator (N must be preset hefore
acquisition). This comparator chooses the largest of the N-7 bit
words to pass onto the parity formatter logic. The tape format

chosen for the experiment should be made to facilitate later data

processing.
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I. AVERAGE SIGNAL POWER DETECTION

E.1.0 MODEL

The model of this detection problem is shown in Figure

E-1 in block diagram form:

BAVD PAsS QUADRATIC e e
‘ - ERAGE
FHLTER rE)=5it)+nit) S TECTOR E ?HJ/)X AVERAGE >4

FIGURE E-1 Block Diagram

The received signal plus noise is band limited by the

band pass filter. The output r(t) of the band pass filter

can be expressed as

iti= S+ nit)

(E.1-1)
where
St} = KA (bt — g [8) i (o E®.1-2)
and
V) s 4 L) Ade el = FI ) T SN (E.1-3

In eqﬁation (BE-1-2) and (E.l—3) ¢>ois the center frequency of
the pass band, x(t) and y(t) are slowly time varying function
which can be either deterministic or random in nature, ns(t)

and.nc(t) are slowly time varying random processes.



input to the dquadratic detector can be expressed

The
as
(04 = ()4 1 2) it = € G0+ 007 G 0ot
, : ¥
— K 73 o r‘-‘d'} e . L W2 )M N
- [\.x{‘-’)'ld £ ) -+ "(fl“ (':‘ . 1)} A’l’rl {&L)pf’""va)
= £ (f-) /?—1-.":-? s 5#_.]9{ "",9)
where
I —f( &J+r&ﬁl)
b = 1@ o () S ()

.
"2

: ’ AR , '}é
= | (x t+ i)k (gee o)’ |

The output of the quadratic detector is the square

of the input envelope so

i

2w = @t = (xw+m@)ls (Jii+n)?®

= (x‘(.au @‘(@34- (A8 +0E0)) 4 2ty Arer+ 2 JUONLO

E.1-9-

E.1-9

E.1-6

E.1-7

(E.1-8

The sample and average processes following the quadratic

detector can be expressed by:

" .
o N 2.:?

E.2.0 PROBABILITY DISTRIBUTION WHEN SIGNAL IS PRESENT

In the following analysis the signal s(t) in equation

(E.1-1) and (E.1—2) are assumed to be deterministic.

E.2.1 Probability Distribution of the Noise n(t)

- (B.1-9

For this analysis a narrow band Gaussian random process

is assumed for the noise n(t).

, \ 2
with var1ance:§;

Zerc mean Gaussian random processes with the same variance

A zero mean is also assumed

It follows that ns(t) and nc(t) are also



2 ' . .
Tt (For representation of narrow band Gaussian random

processes see Gardner:phaselock technigues.)

E.2.2 Probability Distribution of e(t); the Envelope of r(t)

The envelope e(t) of the quadratic detector input r(t)

can be expressed as

1/1_ :

() = [(‘x 14£) + r"J;fﬁ-‘-)%J‘- ( Jter+ ﬂcf"-"--’)'ﬂ E-2-D
let ' : : ' :
KBy = X161+ 10(E) _ , (E.2-2)
{(3&3 = Y+ A8
then '
ews = Co*tt) ‘*ﬂl*’.“)%' . ®.2-3

It follows that Nﬁi,@&ﬂ are still Gaussian random variables

with variance ;#’and mean /¥’ and Y&, respectively.

Since ¥ {} , i€} are statistically independent, it
follows that gﬁj,&&J ~are statistically independentland

their joint probability density function is
Rt e d e

- , - 2 n:"
f o~ _ - v E.2-4
3( ’(3) 2GR _ ¢ )

The prcobability density function bf_
[}
et = (xtt .4.{1;)-u»)f

can be found wvia the transformation '
IN = (P
1 (3 T e B



It follows that

.{(e{'Q)de ::J

A

/ :n (é(w,-?w)’-”;-_(ea.;,p-a)‘
(@ dedp = Je 20 eded?

("‘“_"\

\-"’f 27‘- G‘-

o

f(e( o) = eft) QXP[ (Q +J_+x‘(f—)-+a(f))/éq_)‘} 1— (e{f),[x#ﬂtérm) o) > 0

}‘l

(E.z—é)

Where Io(.) is the modified Bessel function of order zero,

£.(.) is the probability density function of the envelope &),

" £.2.3 Probability Distribution of g(t); the Quadratic Detector
Output

The gquadratic detector output g({t) is related to the
envelope e(t) of its input and can be expressed as
Zio= ekt E.2-9
The probability density function of g(t) can be found

from that of e(t) to be

o) = 1.
f‘}l?r)_ s f.e)

z
n

' 2, N I8 - ettt
= H.Z_c;:' eX'?[...('E{H-!-X z(f“d{ ff.)/zo‘; )}. Io('ﬁ o

, Fio 7o

(E.2-7)



E.2.4 Probability Distribution of the Sample Average Q(t)

R= Z(gto+ 2+ -+ 2(E))
= ?'T (eithr+ e+ - A

_ _ s i e e 22
O N S Vo S TRV S SN R LY, ) I S R SRR Sl R F My
t (P< fbocin )+ v ( ¢

=AY )+ (B YR Y+ (T (BRI Yl -+ (P ]

2.

kR . L .- ’
= X+ X - X + e b E.2-8)

?(ﬁ)/ 3_(‘{1) A0 g('ffp;-} e 5}555“;’&”7 "h&PphJ,@ﬂ‘fw _sd'”f/é..s

Where X, | €0 <A is normally distributed with
’ ‘mean X&FT and

variance’ W“Vd
[ 4}

is normally distributed with

Nt ! L€ 2N mean JHIAR and
variance ., .
G
Define
rrd ,
W= =5 Xy 5;3\/1 B |
TR2/m ! Gn/al S -
pt o ryLeYs '/"T' l (E.2-9)
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Each \’_ 1SN normally distributed with
- ’ mean ¥ (€.)/(05/4) and -
unity wvariance. ‘

normally distributed with
mean gt /(G:,f]) and
unity variance.

g
It follows that W has a noncentral X2 distribution witn 2N

degree freedom and a noncentral parameter

_ ) - .
A= 5 G- (2] @219

The noncentral Xz_ density functlon is given by.

R0= 3G et 2 ) T ORR) s
The mean and variance of W are eas'lly shown to be |

:{N} A+ 2N

V{W} = GA+an | | ' | (E.2-12)

The density function of Q can be derived

£ (®) = )
N U"‘ (=12
ma( Q) ep(-2 L) (T
| (E.2-13)
The mean and variance of QO are easily shown to be
— 2
t«JQ} = —%MO\-&/\)) ‘
(E.2-19

AR = (&) (arran)



For discussion of noncentral x2 distribution refer to Whalen .

"Detection of Signals in Noise" Academic Press, 1971).

I.3.0 PROBABILITY DISTRIBUTION WITH ABSENCE OF SIGNAL

I.3.1 Probability Distribution of the Noise n(t)

For this analysis a narrow band Gaussian random process
is assumed for the noise nit). A zero mean is alsc assumed

, : 2 ' .

with wvariance o= It follows that ns(t)‘and nc(t) are also
n- - . o

zero mean Gaussian random processes with the same variance

2 . . ‘
o~ (For representation of narrow band Gaussian random pro-
o n' . Lo

cesses see Gardner:;phaselock techniques.)™

I.3.2 Probability Distribution of e(t)

Set x(t)=y(t)=0 in eguation (E.2—5).‘.Wé have the probability

density function for the no signal case

. alt) oS )
—FQ(QE'-'}) = —CF:I @MP(_Q i’-.%l{?; )) | (E.2-15)

n

I.3.3 Probabilitg-Distribution of q(t)

Set x(t}=y(t})=0 in equation (E.2F7). We get the probability

density function for the no signal case

™

) — gy . |
*,%(3&}) = e (~gHianh) Bl o (E.2-16)



;,3‘4 Probability Distribution of the 0

;[”: (B = nridr n1le)

It is clear that 2;is Xz—distributed with 2N degrees of

freedom with probability density function

@=L 2" e ¥ , 220

2 W)
The density function of Q can be found to be

SN NR gt~ NE)
g‘a(q)‘ v;"z" (N) ( q-;t‘) e

, @20 (E-2-17)

I.4.0 PHYSICAL MEANING OF THE QUANTITY Q .

It is‘interesting to see the mean value of the detector

output
Efff= efer} = £f(xtrerm)+(gro+ XDy

= E{ i eefnimmndioht 2epe) s fnfnsisne)

= S{x )+ 94 + E "n-;rz"rf')}
or
—_ 2 + gt )‘ N — - 1 5
l:‘<)( fad] d (¢ f o t{g} "’I;:{H;L{ft)# L H’)j (E. 2_19)
The quantity E{xt(f-’—*a‘ﬁ')f is the average signal power.
and is the average noise power.

E:{ h (‘L.H.nCLGJ f



Equation (g.2-18) or (E.2-l9) actually implies that the
average signal power is egual to the average detector output

minus the average noise power.

So if the average detector output and the average noise
power are known then the average signal power can be computed
by eguation (E.2;19)- Unfortunately, the true average of the
detector outputrand‘the ﬂqise_éower‘are not available in
practice. Sample mean are-uséd insteéd of the-true mean value.
So at the output of the deﬁeqtor‘a sample -and average circuit
is used to take the sample avéfage of the detector output with
signal present and w1th 31gnal absent. The difference gives
an estimate of the average signal ‘power. TheAreliability of

the answer depends on the number of samples used.

The average power estimates can be implemented by two
identical circuits of the type shown in Figure E-2 connected

as follows:

T ANDPACE [RUADRATIT ] I
e L B i = e

| R | pETECTOR |

T
b |

WP |  [quaine| e ||
e - B SV W |
R - Fehbi
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e oL
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FIGURE E-2 AVERAGE SIGNAL POWER ESTIMATOR
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E - SIGNAL EOWER_DETECTION

II. PEAK SIGNAL POWER DETECTION

E2.1.0  INTRODUCTION

In RFI measurement, sometimes peak power levél during
a time interval is a desirable gquantity in addition to the
average power in the same interval. Another quantity may be
of value to some type ofﬁéers in the average peak power ex-—
pected in an arbitrary fixed time interval. For example, a
particular user operates in 1000 upsec interval. He may be
intefésted in the'expected peak boﬁer level in 1000 usec span.
‘This type of peak power detection problem will be discussed
in the next few secﬁions. Two models will be discussed in

the following.
E2.2.0 MODELS
E2.2.1 Model I

The model for the peak power detection problem is illus-

trated in Figure E2-1 below.

BAND PASS QubprATIC % ) .
~1 e Wi=simidt gLa/j:_h_ """""""" :
i" :-T&"R : PowE "}'E'(",}qu? 5 Peﬁk _S’dl h‘{.'r(‘ J:

G Hold
SIS

i

FIGURE E2-1
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The quantity s(t), n(t), r(t) and q(t) has the‘same'
characteristics as that of the avefage power détectioh case

and will not be_repeated_here refer to Section I, paragraphs'

£.1.0 to E.2(3

The peak'sample and hold circuit.following fhe quédrafié
detector can be implemented in either analog ﬁr digital fashions;
The aﬁalog way is easy to implement thSically,.but difficﬁit
to analyze. The digitél method is somewhat easier touéﬁa1YZe
and implement. It can be implementedtﬁrsaméling atlthe output
of the quadratic detector for N 1ndependent samples then f1nd

the maximum. The meaning of the max1mum will be discussed later. .

E2_3,or PROBABILITY DISTRIBUTION OF THE MAX OF N INDEPENDENT
RANDOM VARIABLES -

Let's consider two random variables x and ¥y (x and y
may be statisticallyrdépendent). ﬁorm'a new random variable_
L= WiAx (X, ¥) | o . (E2.3-1)

The region D, " such that

Max(x J)dg that is 9(-':;5 andaﬁ% is shown in Flgure

E2-2 | | - ‘M
. . L zL

Ynox(x ¥y < 2

FIGURE E2-2
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It is obvious that the distribution function

F"E (2= F:fy(f‘ 2)

(E2.3-2)
The corresponding probability density function is found
by differentiation of equation III-2.
- _ Z b4
Dby, (2.2) SF., (2.2} v g g ]
(= Shxy Sy _ (22741 + . 2)d X
f; ax + & o h! d7d {%v(x
: < oo oo :
- (E2.3-3)
If » and y are statistically independent, then
— - = ‘ -
F, (2= K@ (—)(z) , (E2.3-4)
] Vo L 2y ..—
]Cz @={ @1 +£[a)hf (E2.3-5)

The results above can easily be extended to arbitrarily

finite number of random variables.

For example Xl, XZ""XN be N arbitrary random variables.

We form a new random variable

W=Max(X1' eroooxn) (E2-3"6)

Then
i
F'hv)- - (. W w) '
W B l—_th;_ X, Wk W {(E2.3-7)
. . a i~ . . i
][wtw) = JMLE.(W:’ ) L P, (W W)
X IX o
3¢, (W ) | |
“+ . S LS T TR/ T -
5x, (E2.3-8)



If Xy Xys...X are statistically independent then
‘ — N ) o ! :
F@‘N)“F;jwﬂf)jfﬁ---' F ) = TT"F;fvn | (E2.3-9)
- or . v .
=Y e T —— P .
§}{f’ = 2;!(—( Jfl k%j(2{>§; aE)J - - {(E2.3-10)
h R :

L=t j-.:}

E2.4.0 PROBABILITY DISTRIBUTION OF THE MAX OF N INDEPENDENT
SAMPLES FROM THE RANDOM PROCESS g(t)

N independent samples are taken from the output of the
quadratic detector gq(t). This corresponds to the problem of
finding

V = max (). g(ﬁ) L ,5"4?) | " S {E2.3-11)

Where q(tll, q(té),...q(tN) are identiéally_distributéd‘.
statistically random variables. The distribution of V can be

- found from equatioh (£.2-7) of Part I and equation (E2.3-10)

of Part II for the signal plus noise case from equation (II.2-16)
of Part I and equation (IT.3-10}) of Part II for the ﬁcise alone

case.

E2.5.0 PHYSICAL MEANING OF V & U

Intuitively, the meaning of V is the peak power of
the signal plus noise. The relationship between the quantity
vV and the peak signal power is not obvious as can be seen

from the following expreséion.

E-13
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V= max (), §£), - 3E0)

= nmx{gwﬂ§

RN
= ynaw d (KEO*G ) (AL C0) g it B, fr);
peveed ' . J
Under the no signal condition we use Vn
. T - i N ,' V . :
Vi = max {(ﬂc AR !E‘))/? (E2.3-13)
bLe g ‘
i i i (X gt
The quantity of interest is V”??\“N ‘ v .
: v
Unfortunately, the values of V and Vn are not sufficient to
tell us about A { ( X&)+ glffe")} _ . The main
f€0ent '

difficulty is the cross product term X(%)h,[+)+<7!+)ncré)_



Ave:_ge Slgnal Power Estimation Versus Peak Slgnal Power
Estimation :

1.. Simplified Block Diagrams

— e, e e I

er T @ ABedTe T
] LJ BPF —-5 “C-ﬂ)&ﬂwﬂm !Q

At ot
| AMBLIFIZR] g , PETECT™R. s,

e B |
[TRE T T L pueragd 26 o [“_; |

—» BPE s o |
AMP“‘F“’R‘ e ,I D'—-—Tc:(‘T’DP“;a/thh _i/m'@%""an

- from o S e

Slgnal Present ' : Slgnal Absent
Vb= SiF) R b= 'ﬂu-) """" "
S (£) = X B Al tot —14) Gt ) = 1, s, it
N = ) g o= Mttt %n(ﬁ— n"(ﬂ+r7"‘r+)r

")

. . .
gm —(wn.n m)*{amw“? R, = ;;_ >_| 5’ )

] = '»TZJ'E’“ ]

'E{ 3‘ lf)} :i:{ X J Y6) 4NE16) + 115 4‘ 2% '&Jn, (£ + ;013+_Jﬂ‘ (HJ
= E{xto+ gf‘rf:ﬁ} +E{nle +n§mj
R = Effwf
Q.-. X cinSwmend ""])' = /4\/9‘-‘,7‘1 row e Poweq

' t:{x (+J+(7 1} = z{ir )= E {n f-»nt,uf} ,cf.,gd,bf; gﬂ,m,( Power

Average Slgnal Power Estimator

REPRODUCIRILITY OF THE | o o
ORIGINAL PAGE IS POOR - | -1



fffff . BT Y raax — 5
by 8 - LD RS K bl FAAX, :
S - — b osn s

Vi) = SHIrn{t)
SHI = X td e L1825 0,

HiF = Vlivh e et — 7 H) G ot
L= (x140 o0 (0

"P = y;}):_‘:t)( {g(ﬁ )} — piaX

] _ XHEF JH D+ 17 )+ 2X 06D 1 08 )
LSLEN [ELEA

—f—:ac;{t-m‘ oty l}

CXGE IR D it A

-~

ey

LV Cd
- Tl

Peak Signal Power Estimator

REPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POORi _



2. Comparison of Average and Peak Power Estimator

Average power estimator gives an estimate of the average
input signal power for all signal levels within the dynamic

range of the receiver. The accuracy of the estimate can be

improved by increasing the number of independent samples. The

calibration curve has a

output ‘ »
of the ; ‘ o
estimator -

SV P - [ —— e _4_‘.“>
' average input
signal power

Calibration Curve for Average Power Estimator

Peak power estimator gives an estimate of the peak
input signal power only when the input peak Signal power is

above a certain threshold. The accuracy of the estimate

improves with increasing signal power. Below the threshold

the noise estimator and the output gives less signifidant
estimates as peak-signal level goes down. The calibration

curves has a threshold associated with it.



A
Output of
the Estimator
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Calibration.Curve-for Peak_Power Estimation
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